We study the properties of the scalar charm resonances Ds0(2317) and D0 (2400), and the theoretical hidden charm state X(3700) in nuclear matter. We find that for the Ds0(2317) and X(3700) resonances, with negligible and small width at zero density, respectively, the width becomes about 100 MeV and 200 MeV at normal nuclear matter density, accordingly. For D0(2400) the change in width is relatively less important. We discuss the origin of this new width and trace it to reactions occurring in the nucleus. We also propose a possible experimental test for those modifications in nuclear matter, which will bring valuable information on the nature of those scalar resonances and the interaction of D mesons with nucleons.
The study of the properties of elementary particles in nuclei helps to learn about not only the excitation mechanisms in the nucleus but also the properties of those particles. In particular, the renormalization of the properties of scalar mesons in nuclear matter, such as σ(600), f 0 (980) or a 0 (980), can give some information about their nature, whether they arestates, molecules, mixtures ofwith meson-meson components, or dynamically generated resonances resulting from the interaction of two pseudoscalars.
On the other hand, the charm degree of freedom has become a recent topic of analysis. The future FAIR (Facility of Antiproton and Ion Research) project at GSI [1] will investigate, among others, the modification of the properties of open and hidden charm mesons in a dense baryonic environment.
Email address: tolos@kvi.nl (Laura Tolós). In this paper we study the medium modifications of scalar resonances, which are dynamically generated, in the charm sector. Concretely, we study the renormalized properties in nuclear matter of the charm resonances D s0 (2317) and D(2400) [2, 3, 4, 5] together with a hidden charm scalar meson, X(3700), predicted in [5] , which might have been observed by the Belle collaboration [6] via the reanalysis of [7] .
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The charm scalar resonances D s0 (2317) and D(2400) and the predicted hidden charm scalar resonance X(3700) are generated dynamically by solving the coupled-channel Bethe-Salpeter equation for two pseudoscalars [8] . The kernel is derived from an extrapolation to SU (4) of the SU (3) chiral Lagrangian used to generate the scalar mesons σ(600), f 0 (980), a 0 (980) and κ(900) in the light sector. The SU (4) symmetry is, however, strongly broken, mostly due to the explicit consideration of the masses of the vector mesons exchanged between pseudoscalars [5] .
The analysis of the transition amplitude close to each resonance, or pole in the complex plane, for the different coupled channels give us information about the coupling of the resonance to a particular channel. The D s0 (2317) mainly couples to DK system, while the D 0 (2400) to Dπ and, secondly, to D sK . On the other hand, the hidden charm state X(3700) couples most strongly to DD. Therefore, any change in the D meson properties in nuclear matter will have an important effect on those resonances. Those modifications are given by the D meson self-energy in nuclear matter.
In order to obtain the self-energy of the D meson in nuclear matter, the multichannel Bethe-Salpeter equation is solved taking, as bare interaction, a type of broken SU(4) s-wave Tomozawa-Weinberg interaction using a cutoff regularization scheme. This cutoff is fixed by reproducing the position and the width of the I = 0 Λ c (2593) resonance, as done similarly in previous works [9] . As a consequence, a new resonance in the I = 1 channel, Σ c (2880), is generated [10] . The in-medium solution incorporates Pauli blocking effects, baryon mean-field bindings, and π and D meson self-energies in a self-consistent manner (see Ref. [11] ). The p-wave self-energy is also included via the corresponding Y c N −1 excitations [8] , where is taken into account a heavy-form factor in the vertex [12] . In Fig. 1 , the charm scalar resonances D s0 (2317) and D 0 (2400) as well as the predicted hidden charm one X(3700) are displayed by showing the squared transition amplitude for the corresponding dominant channel at different densities. We obtain that in the case of the D s0 (2317) and X(3700) resonances, which have a zero and small width, respectively, the medium effects lead to widths of the order of 100 and 200 MeV at normal nuclear matter density, correspondingly. The origin of this increased width can be traced back to the opening of new many-body decay channels, as the D meson gets absorbed in the nuclear medium via DN and DN N inelastic reactions. For the D 0 (2400), we observe an extra widening from the already large width of the resonance in free space. However, the large original width makes the medium effects comparatively much weaker than for the other two resonances [8] . As for a shift in mass, the changes in mass are small and the uncertainties of our model, such as the way that the SU (4) symmetry is broken and the use of light or heavy meson form factors, do not allow us to extract any clear conclusion.
The study of the width of those resonances and the medium reactions contributing to it provides information on the features of the resonances and the self-energy of the D meson in a nuclear medium. We suggest to look at transparency ratios to investigate those in-medium widths. This magnitude, which gives the survival probability in production reactions in nuclei, is very sensitive to the absorption rate of any resonance inside nuclei, i.e., to its in-medium width.
In summary, we have evaluated the renormalized properties in nuclear matter of the charm scalar D s0 (2317) and D(2400), and the predicted hidden charm X(3700) resonances. While the D s0 (2317) and X(3700) develop a spectacular width of 100 and 200 MeV, respectively, the medium effects on D(2400) are comparatively less important. We conclude that the experimental analysis of those properties is a valuable test of the dynamics of the D meson interaction with nucleons and nuclei, and the nature of those charm and hidden charm scalar resonances. These are topics which are subject of much debate at present. The results obtained here should stimulate experimental work in hadron facilities, in particular at FAIR [1] , where the charm degree of freedom will play a leading role.
